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REMARKS 



Claims 1 to 17 are pending in the application. 

Drawings 



The drawing Fig. 2 submitted December 14, 2004, is objected to under 35 USC 132 
as introducing new matter. The examiner states that the newly added material concerns 
showing the workpiece being supported on a single worktable. The examiner points out 
that the originally filed application does not support showing the workpiece mounted on a 
single worktable. The examiner further points out that it is not supported by the 
specification that a single workpiece could be supported on both tables. Applicant 
therefore submits a new drawing Fig. 2 showing only the workpiece and the two spindles 
working on it since this is the feature of the claims that must be illustrated; all extraneous 
material regarding the machine has been omitted. 

The drawings are objected to under 37 CFR 1 .83(a) for not showing the first and 
second spindles performing machining on a single workpiece. This is shown in newly 
submitted drawing Fig. 2. 

Reconsideration and withdrawal of the objection to the drawings are therefore 
respectfully requested. 



Examiner states that the listing of references in the specification is not a proper 
Information Disclosure Statement and that it is required under 37 CFR 1.98(b) to list all 
patents, publications etc. on a separate paper. The examiner points out that the reference 
DE 19503482 was not listed on a separate sheet and is therefore not considered unless 
cited by the examiner on PTO-892. 

It is respectfully submitted that in the Information Disclosure Statement dated 
12/13/04 the undersigned has specifically stated that DE 19503483 is the equivalent of US 
5,944,643 cited by the examiner Where there is an English language equivalent of a 
foreign document, there is no need to submit the foreign document. 



Claim 17 stands rejected under 35 U.S.C. 1 12, 2nd paragraph, as failing to comply 
with the written description requirement. The Examiner states that the claim sets forth the 
method including the steps of continuing workpiece machining by the second spindle 
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including accessing the second tool magazine during stocking of the first two magazine 
and continuing workpiece machining by the first spindfe, including accessing the first tool 
magazine during stocking of the second tool magazine. In Examinees opinion there is no 
support in the specification as originally filed. The term accessing has been changed to tool 
changing. 

Applicant would like to point out that this is in effect disclosed in the specification in 
paragraph 001 1 and 0018. In paragraph 0018 reference is being had to the chip-to-chip 
time and the main machining time. In cutting processes the chip-to-chip time or cut-to-cut 
time is defined as the time between beginning the removal of the tool to be exchanged 
from a working position and the completion of advancing the subsequent tool into the same 
machining position. This is a definition provided by the VDI Richtlinien 2852 (VD! = Verein 
deutscher fngenieure = Association of German Engineers; Richtlinien = guidelines); see 
attached copy. The cover page VDI 2852 shows at the top left corner the English language 
terms of the subject matter of this section: "cut-to-cut time" (= chip-to-chip time) and 
"automatic tool change". On page 2, item 2 the definition of cut-to-cut time is provided. 
This text portion reads as follows (translation provided by the undersigned who is fluent in 
the German and English languages and states herewith that the following text is a true 
translation): 

2. Definition of the cut-to-cut time (CCT) 

The cut-to-cut time is defined as the time between beginning of removal of a tool to 
be exchanged from a representative machining position and the completion of 
advancing the subsequent tool of the same length into the same machining position. 

The cut-to-cut time is better suited for evaluating automatic tool exchange 
processes than the pure tool change time because the CCTtakes into consideration 
all required steps for performing the tool exchange within the context of an 
automated work process. 

The CCT comprises 
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removal from the representative machining position to the tool exchange 
position 

tool exchange process 

advancing toward the representative machining position from the tool 
exchange position. 

The cut-to-cut times t u t 2 , t 3 represent statistical parameters for evaluating 
automatic tool exchange processes. 

The item 3.4 of these guidelines defines the main machining time that is the tool 
engaging time ^ between the toot changes (effective machining time of a tool); 

The instant specification discloses the terms "main machining time" as well as "chip- 
to-chip time" in connection with a tool changer. It is clear to a person skilled in the art that 
the main machining time refers to the time in which the tool actually machines the 
workpiece between the tool changes. The cited text portion mentions that the selection of 
the tools by the method according to the invention from the total magazines 2, 3 is carried 
out within the main machining time of the machine tool. This means that during the tool 
change that is taking place at the tool magazines 2 or 3, the workpiece is continuously 
machined by the spindle where no tool change is carried out Accordingly, the method as 
claimed in claim 1 7 is properly disclosed. It should also be kept in mind that a tool changer 
(see attached copy of McGraw-Hill Dictionary of Scientific and Technical Terms) is known 
as a mechanism in program-controlled machines and robotics that allows the use of 
multiple tools for machining, i.e., machining means in the context of tool changers that 
various tools participate in various machining steps; the operation is described in 
paragraphs 0017 and 0018. 

The method according to the invention is employed in the case of short tool 
machining times and frequent tool changes. When the tool machining step takes a long 
time, there is no problem in regard to stocking the tool machine during the long period of 
use of the tool. However, problems occur when the machining step of the tool is very short 
so that the machining step is already complete before the tool stocking process is carried 
out. It should also be noted that tool stocking and tool changing are two different things, 
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Tool changing occurs during the machining operation so that different machining steps with 
different tools can be performed in accordance with a sequence of machining steps 
provided by a machining program, i.e., the spindle accesses different tools provided in the 
tool magazine for carrying our different machining steps. Tool stocking refers to placing a 
set of tools into a tool magazine or replacing worn tools of a set of tools in a tool magazine 
and this is done by the machine operator from the exterior of the machine tool. 

The problem of having short main machining times that are too short to allow the 
operator to replace or insert a new tool into the tool magazine is solved by the method 
according to the invention in that each spindle is provided with its own tool magazine and 
that during stocking of the first tool magazine 2 the workpiece machining (machining 
includes various machining steps being performed by different tools of the tool changer) 
by the second spindle 13 is continued and that during stocking of the second tool 
magazine 3 machining by means of the first spindle 12 is continued. Since the two 
spindles each access a separate tool magazine, the length of the machining step of the 
workpiece for each tool can be very short and frequent tool changes can be earned out by 
one spindle while the other spindle and its correlated tool magazine are being stocked with 
new tools. 

Claims 1-17 stand rejected under 35 USC 112, second paragraph as being 
indefinite. The Examiner points out that in claims 1 and 9 the term "the device" has no 
antecedence. The claims have been corrected accordingly. 

In regard to claim 1 7, the Examiner points out that the meaning of the above cited 
text portion in regard to "accessing" is unclear. The Examiner points out that in particular 
the wording "includes accessing" is unclear. 

In view of examiners remarks, the term accessing has been changed to "tool 
changing". 

Reconsideration and withdrawal of the rejection of the claims pursuant to 35 USC 
112 are therefore respectfully requested. 

Rejection under 35 U.S-G. 102 

Claims 1-3 stand rejected under 35 U.S.C. 102(b) as being anticipated by 
Sottermann et at. (US 5,971,904). 

The method according to the present invention relates to tool magazines of a 
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machine tool that comprises at least a first spindle and a second spindle configured to be 
independently movable relative to one another at least in one axis. The first spindle has 
associated therewith a first tool magazine and the second spindle has associated therewith 
a second too! magazine. According to the method, workpiece machining and direct tool 
changing into and from the second tool magazine by the second spindle is continued 
during stocking of the first tool magazine; workpiece machining and direct tool changing 
into and from the first tool magazine by the first spindle is continued during stocking of the 
second tool magazine. 

U.S. 5 T 971 ,904 does not disclose the method according to the invention. Firstly, the 
Examiner makes reference to Figs. 1 and 3. However, these two figures show different 
devices. Fig. 1 shows a prior art device (see col. 3, lines 36-37) and Fig. 3 shows a 
preferred embodiment of the patent. The two devices therefore have nothing in common 
but represent independent solutions- 

Also t as disclosed in col. 2, lines 30-46, the device according to the cited reference 
is used to machine printed circuit boards etc. Such printed circuit boards are illustrated in 
Fig. 2 of the cited document. On a printed circuit board, always the same machining steps 
are performed, i.e., bores 17 are to be produced in the board 16. Because of such 
identical machining, a frequent tool change is not required- For this reason, there is no 
problem originating in the frequent tool changes for short main machining times. In col. 2, 
lines 47-51 , the cited reference indicates that typically the tool can be used for 333 hours 
without changing. Accordingly, the machining times are long and exchange of tools is to 
be carried out only when the tool is worn. 

The cited reference discloses a single tool magazine 21 comprised of main supports 
30 for holding subsidiary supports (bars) 31 for at least two tools; see col. 4, lines 1 7-22. 
Stocking the tool magazine 21 with bars 31 is realized by means 41 and the bars 31 are 
removed from the main supports 30 by means 42. When individual bars 31 are moved to 
their respective transfer positions at the machining stations 7, the entire tool magazine is 
moving so that stocking of more bars 31 into the supports 30 of the tool magazine 21 is not 
possible at this time. Stocking of the tool magazine 21 with the tool carriers 31 is only 
possible when the tool magazine 21 stands still. Even through the machining device is 
provided with several spindles, there is only one mechanism of supplying tools to the 
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spindles: the circulating tool magazine 21 that is divided virtually by programming means 
23 into sequential sub-assemblies having several bars 31. The bars 31 are designated to 
supply only a certain spindle with tools, but an independent operation of the bars is not 
possible because the tool magazine 21 as a whole must be stopped for inserting or 
removing the tool bars 31 . It is not possible to stock a first "magazine" 31 for a first spindle 
with tools while the second "magazine* 31 is still available to supply a second spindle with 
tools so that machining at the second spindle, including tool exchange, can continue. 

It would not be possible to perform the method according to the invention with the 
device of the prior art: as soon as a stocking process (removing old tools and providing 
new tools) is to be carried out F the chain of the tool magazine 21 into which the tool carriers 
31 are inserted must be stopped. When the chain is stopped, a second spindle, during the 
stocking process of a first "magazine" 31 , can no longer access tools in the second 
"magazine" 31 correlated with the second spindle because the single tool magazine 21 is 
stopped. Accessing tools in the second "magazine" 31 would be possible only if the chain 
of the tool magazine 21 could be moved. However, since the chain must be stopped 
during the stocking process, it would not be possible to carry out a tool exchange at the 
second spindle. 

According to the present invention, the spindles 12 f 13 each have their own tool 
magazine 2, 3, respectively. By providing individual tool magazines for each spindle, one 
tool magazine 2 or 3 can be stopped for stocking while the other tool magazine 3 or 2 can 
continue to supply tools for tool change to the other spindle in order to continue machining. 

Therefore, the cited reference cannot anticipate or make obvious the present 
invention as claimed in claim 1 . 

Claims 1,3 and 17 stand rejected under 35 US.C. 102(b) as being anticipated by 
JP 6-304835. 

The examiner has provided a machine translation of the cited JP document As 
stated at the top of the translation, the translation may not reflect the original contents 
precisely. For this reason, applicant has secured a proper and true translation (copy 
attached) from a translation service that correctly reflects the disclosure of the original 
document 

This document does not provide any disclosure that anticipates the method 
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according to the invention. The operation of the known device is disclosed in paragraphs 
0026. According to this text portion, the two spindles 26, 28 operate simultaneously. In the 
paragraph 0032, it is described that there may be situations where an Insufficient number 
of tools for machining the workpiece is present in the tool magazine 64. In such a 
situation, tools from the tool stocker 66 are transported into the tool magazine 64 by the 
tool delivery mechanism 68. 

This does not anticipate the method according to the present invention. In the 
machine of this JP document the problem according to the invention does not occur 
because the tools are not directly stocked into the tool magazine 64. They are stocked in 
the too] stocker 66. The spindles are decoupled from the stocking operation of the tool 
stocker 66 by the transfer device 68. The spindles can therefore access the tool magazine 
64 during stocking of the tool stocker 66 without any risk There is no need for stopping 
operation of the spindles for stocking as the stocking process is independent of the tool 
magazine 64. Two different devices are used for stocking (66) and for tool change (64) so 
that the method of the present invention is not anticipated. 

The present invention deals with tool change operations that must occur frequently 
because the tool engaging times are very short, for example, every ten seconds a tool 
must be changed in accordance with the machining program. In conventional devices, this 
time frame is insufficient for stocking without having to stop the spindle operation. When 
the tool machining step takes a long time before a tool change has to take place, stocking 
of the tool magazine can be performed of course during the main machining time without 
there being the need for stopping the spindle. However, when the tool machining step 
takes only a short period of time, it is not possible to stock the magazine without stopping 
the spindle and interrupting machining. Only with the method of the present invention 
where each spindle has its own tool magazine is it possible to stock the first magazine of 
the first spindle while the second spindle is still able to machine workpieces and perform 
tool exchange with the second tool magazine so that the productivity of the machine tool 
is maintained at 50 %. 

Reconsideration and withdrawal of the rejection of the claims 1 , 3 t 17 pursuant to 
35 USC 102 are therefore respectfully requested. 

Rejection under 35 U.S.C. 103 
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Claims 1, 3 and 17 are alternatively rejected under 35 USC 103 and claims 2 and 
4-16 stand rejected under 35 U.S.C. 103(a) as being unpatentable over JP 6-304835. 

As pointed out above, the JP-document teaches that the two spindles 26, 28 are 
simultaneously in operation. A separate stocking of the tool magazines 64 while one of the 
spindles continues to operate is not disclosed. Stocking takes place independent of the tool 
magazines 64 at the tool stacker 66. 

Reconsideration and withdrawal of the rejection of the claims 1-17 pursuant to 35 
USC are therefore respectfully requested. 



In view of the foregoing, it is submitted that this application is now in condition for 
allowance and such allowance is respectfully solicited. 

Should the Examiner have any further objections or suggestions, the undersigned 
would appreciate a phone calf or e-mail from the examiner to discuss appropriate 
amendments to place the application into condition for allowance. 

Authorization is herewith given to charge any fees or any shortages in any fees 
required during prosecution of this application and not paid by other means to Patent and 
Trademark Office deposit account 50-1 199. 



GEH 

End.: - replacement drawing sheet Fig. 2 (1 sheet) 

- copies of McGraw-Hill Dictionary (2 pages) 
-VDI 2852 (4 pages) 

- Translation of JP 6-304835 (6 pages) 



CONCLUSION 



Respectfully submitted on September 21 . 2005 . 




Ms. Gififlrun E. Huckett, Ph.D. 
Patent Agent, Registration No. 35,747 
L6nsstr. 53 
42289 Wuppertal 
GERMANY 

Telephone: +49-202-257-0371 
Facsimile: +49-202-257-0372 
gudrun.draudt@t-online.de 



- 12- 



9/21/05: Amd for Ser. No. 10/065,021 - Inventory): Kurz et al. - Filing Date: 9/1 1/2002 



PAGE 14/27 1 RCVDAT 9/21/2005 12:23:43 PM [Eastern Daylight Time] 1 SVfcUSPTO-EFXRFW DNB:2738300 1 CSID:+492022570372 * DURATION (mm-ss):09-50 



21/69/2085 18:12 +492822578372 DRAUDT US PAT AGENT S. 

DRAWING SHEET 

10/065,021 
Inventor: Artur Kurz 
Filing Date: 9/11/2002 




PAGE 1«27 1 RCVD AT 12:23:43 PM [Eastern DayOght T'imel 4 SVR:USPTO-EFXRF-6/28 * DNB:2738300 * CSID:*t92022570372 * DURATION (mm-ss):09-50 



21/89/2005 18:12 +492622579372 



DRAUDT US PAT AGENT 



S. 16/27 



lir 

1 1 



McGRAW-HILL 
DICTIONARY OP 
SCIENTIFIC AND 
TECHNICAL 
TERMS 



Sixth 
Edition 



McGraw-Hill 

New York Chicago San Francisco 
Lisbon London Madrid Mexico City 
Milan New Delhi San Juan Seoul Singapore Sydney Toronto 

j PAGE 16/27 ' RCVD AT 9S1/2005 12:23:43 PM [Eastern Daylight Time] [ SVR:USPTO-EFXRF*6/28 1 DHK:273K»0 [ CSID:4492022570372 * DURATION &nm-SS):0! 



21/89/2085 18:12 +492022576372 



DRAUDT US PAT AGENT 



S. 17/27 



one code ranging 



tool-check system 21 61 



> codo ranging (^vj In navigation by satellite, a 
i of trananittmg a higlvprecbion time signal using the 
waKEd peak power available to a satellite; an audio frequency 
tated to phase an audio oscillator in the user co^pment, and 
* «rrin oP short pulse* i» generated to synchronism with the 
crossings of the audio tone to provide high-resolution 
frog. { 'tfln .kod .ranj'ta ) „ , 

control [slectr] A control used hi an audiO-frcquency 
Mficr to change the frequency response SO as to secure the 
tost pleasing proportion ofbass to treble; individual bass and 
ttts controls are provided in some amplifier* ■ { 'ton 

m (Baling See push-button dialing. { »n .da-irj } 
11 generator UjlectrJ A signal gencraeor used to gener- 
al audio-frecruency Signal suitable for signal ins Purposes or 
*r testing audio- frequency equipment- I 'ton jeiyo t iad-ar J 
ftRtoeallzer See cquisignal localizer. 1 'ton ,10'Ka.ra-or ) 
teMnodulated waves [cOMMUN] Waves obtained from 
hfanv» waves by amplluide-modubung them at audio fre- 
jicocy in a substantially periodic manner. [ Hon ,maj.o,laoV 

^modulation ICOMMVH] Type of codo-signul ttanjums- 
obtained by causing the ndio-frequency earner amplitude 
»fgy at a fixed audio frequency, ( 'tfln ,maj-5>,la-sl>M J 
n^onty pager [commun] A receiver in a radio paging 
Sim that alerts the ns« to call u specific telephone number. 
itoaJoo-le 'paj-sr ) , 
fcwHJoraled r«M0*3 adjuster [COMMUn] System for 
Sabring the net loss of n telephone circuit by a tone transitu* 
k,betwUn conversations. [ ton JJip-o.rtid-od 'net |lc-s 
1 S^tar 1 

®~ {graphics] The fine, black, resinous powder used In 
rastatic imaging processes to make an electrostatic image 
raoaWe, the toner is either deposited directly on coated paper 
jSnsferred" from a charged surface to ordinary paper, then 
"Ited to the paper by heating. ( 'tO-nar ] 
^-reversal [COMMUN] Distortion of the recoider copy m 
i which causes die various shades of black and white 
e hi the proper order, f 'ton ri.vor'sol 1 

[MetSOXOL] A hafcy, southeast wind in the Macas- 
iL { tihj'gar-o } . . - 

*g hold [MflT] The end of a forging billet that is gripped 
b-fe operator's tongs; it is removed at the end of the forging 

[ceoiJ A European stage of geologic turar. lower 
j (above Lodian of Eocene below Rupdian). Also 
u as LaUorfum, { tan gre*on ] 

, [des £NG) Any of various devices for holding, ban- 
„ or lifting material* and consisting Of two legs joined 
rtrieally by a pivot or spring. ( tarjz ] 
moub [anxt] A muscular organ located on the floor of the 
ipdn ifl humans and most vertebrates which may serve various 
ra, such as taking and swallowing food or tasting or as 
te organ or sometimes a prehensile organ. [G£OL] 1. 
rmcfc-sriutigraphic unit of limited geographic extent; it 
are laterally in one direction- 2. A lava flow branching 
no brgcr flow. [ocbanogrJ 1- A protrusion of water 
a region of different temperature, or salinity, or dissolved 
a ooricenlraring Z. A protrusion of one water mass into 
n occupied by a diirereai water mass. { ton } 
ie and groove [DBS enG] A joint in which a projecting 
a the edge of one board fits into u groove in the edge of 
*r board, t T t30 »n 'grtiv ) 
e worm See acom worm. I 'ton ,W3rm ) 
wTvulSion See tonic postural epilepsy: tonic spasm. 

fc kan'val shan ) , . . 

k labyrinShlna reflexes [pHYSX>] Roturioii or demotion 
' c head causes extension of die HmbS on the sutne side as 
tan, and flexion of the opposite extremities: dorsifJexion 
a head produce* increased extensor tonus of the upper 
ranritics And relaxation of the lower limbs, while veatroflcx- 
a Of Uk head produces tin? reverse; seen in the young infont 
d.aadents with a lesion ai the midbrain level Of above, 
h-lk Jab'a'rin.tbcn 'rS.fleksaa: ] 

■i reflexes [physio] Reflexes tn which rotation or 
nov* of the head causa* extension of the lim bs on the 
* siCe as the cnin. and flexion of the opposite extremities; 
ZHfladcn of the head produces increased extension tonus of 
iztKjpcr extremities and relaxation of the lower hrabs, and 



ventronexion of the head, the reverse; seen neriruiUy in Incom- 
plete forms in the very young infant, and thereafter m pancnts 
with a lesion at the midbrain level or above, { 'tfin-ik nek 
're.flck-ssfc ) . , . . . 

tonic postural epDopsy [msd! AfarmofepUcpsyinwhich 
seizuraVare characterized by a rigid posture wjih the arms and 
legs exterwted, hands pronatftd, and feet held m planter flexion. 
Also known as tonic convulsion. I tlm-ik 'pas-cba-ral ep- 
q lcp*s6 ] 

tonic apasm [msd) A spasm which persists for some tune 
without relaxation. Also known as tonic convulsion. { tan- 
Ik spaz*om ) 

torvWIomoter [min Eng) A unit of measurement equal to 
the weight in tons of material transported in n mine multiplied 
by the cumber of kilometer* driven. ( 'tan 'ka-O.med-or } 
tort-mfte [civ SNC] In ruiiroading. a standard measure of 
traffic, based on the rate of carriage per mile of each passenger 
or ton Of freight. [ 'tan 'mU ] 

tonnage [nav aRCH] A measure of the size of a ship: it is 
usually taken to mean gross tonnage or net tonnage, but may 
also refer to deadweight or displacement tonnage. [ 'ran-ij J 
tonnage dock [nav arch] In vessels having three or more 
decks to the hull, (he tonnage deck is the second deck from 
the keel; in all Other cases, it is the upper deck of the bulL 
f 'wn-ij ,dek ) 

tonno [meoO A unit of mass in the metric system, equal to 
1000 kilograms or to approximately 2204.62 pound n>*«. 
Also known as metric ton; millicr, ton; tonncau. [ tod ) 
fonrteau See tonne [ ca'no ) 

tonofifcrfl [CELL mol] Any of the fibrils converging on d«- 
mosoroes in epithelial cells. \ {ta-nCfl-bfal ) 
tonometer [medJ An electronic Insttument that measures 
hydrostatic pressure within the eye: when placed in position, 
a tiny movable plate is pressed against the eye. flattening a 
circular section of the cornea (no eyeball anesthesia is required); 
a current is then sent through a small decttomagnet, of such 
value that it will just pull the plate away from the eye: the value 
of the current is propoitional to eye pressure; a measurement can 
be made ift about 1 second; used in diagnosis of glaucoma. 
Also known as electronic tonometer- { to'n.'Sm-ad-ar ) 
ton o pi as* [boy] The membrane surrounding a plant-cell 
vacuole. { 'lao-Oiplasl ) 

tonsil Lamat] 1 . Localized aggregation of diffuse and nodu- 
lar lymphoid tissue found in the throat where the nasal and. 
oral cavities open into the pharynx. 2. See palatine tons.l- 
( 'tun-sol } , . 

tonsillectomy [med] Surgical removal of the palatine tOnsJJ. 

{ .tan-sn'lek'ta'mo ) 
tonsillitis IMSD] Inflammation of the tonsils. [ ,tan- 

sVtid'OS ) 

tonsteln [GfiQL) Kaolinilic bands in certain coalfields which 
have crtaracteristic fossil fauna from short-lived but widespread 
roaririe invasions. ( *tan,shtln } • 
tonus [physio] The degree of muscular contraction when 
not undcrgomg sbDrteniofc- Also known as muscle tone. 
[ 'to-nas } m A 

tool [eng) Any device, instrumenu or machine for the per- 
forrnanoc of an operation, for example, a brmiroer. saw, lathe, 
'twist drill, drill press, grinder, planer, or screwdriver, [ind 
EHOl To equip a factory or industry for production by design- 
ing, makmg, and integrating machines, machine tools, and spe- 
cial dies, jigs, and insttumcnts. SO as to achieve manufacture 
and assembly of products on a volume basis at minimum 

cost i tut) _t . 

toolbar [comPUT set] . A row or column of cr>-scrcco push 
buttons containing icons that reprcsem frequently accessed 
conrnUnds. ( 'ttll t hhr ) 

tool bit [EKC] A piece of high-strength metal usually steel, 
ground to make singte-point cutting too!* far meml-cuttmg 
operations. I "toi .bit ) , ^, , 

tootbox CENO] A box to bold tods. I tfll.bflks 1 
tool-eentOT pednt [COVT svs] The location on the end 
effector or tool of a robot manipulator whose position and 
orienuttion define the coordinates of the controlled object. 

f ( 'ml 'sen-rar .point ) "^H 

/ tool changer f mech tNC) In prograow^ntrolled machmes I 
| ^ robotics, a mechanism that allows the use of multiple tools. | 

£ { 'tal .cbonj-or ) m — J 

tool-criock system (indencI A system for temporary issue 



Bf^tanc* 




The human tongue, dorsal view. 
6£o£AlW WotreSemon, AO** of 
Human Anatomy, voL 2, 
McGmu)-HUl. 1$S0) 
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TRANSLATION OF JP 6-364835 
IJbersetzung dcs Patents JP 6-304 835 (lurch Fa. Translinc, Hcu tlim>cii 

[Claim(s)J 

[Claim 1 J TIk tool exchanger Tor stock of the machine tool is placed an the mobile table which consists of Lhe 
machine tool wit h two or more tools. It has a character to provide a tool magazine, a tool stacker and a weJ 
delivery mechanism. A tool magazine performs automatic tool exchange work by the tool exchange mechanism 
hot ween spindles of (ho abovo-rncimoned machine tool A tool stockier is installed outside the movement range 
of ihc above-mentioned machine tool and can store two or more tolls there. A tool delivery mechanism holds and 
delivers appointed tools between the above-mentioned nx fprin* and the above-mentioned stocks r with changing 
posture. 

[Detailed Description of the invention] 

($0011 [Industrial AppucaiionjThis invention concerns ihc lool exchanger for stock of the machine tool to 
exchange appointed tools between the tool magazine and ihe tool sleeker. "The lool magazine is moved with the 
machine tool a? one, and the tool siockor stores two or more tools outside of movement range of the above- 
mentioned machine tool 

[00021 [Description of the Prior Anj Gcocrafly, the processing is performed for a work with a angle spindle in 
NC {Kumerical Control) jnachmc tool. The problem Dial the efficiency of processing decreases is indicated when 
two or more processing are required for a work. Therefore, various improvements are examined to solve this 
Kind of problem 

[0003 ) Fqt example, a tool magazine which can siorc i wo or more tools i$ prepared, and the automatic tool 
exchanger to exchange appointed loo Is between the tool magazine and the spindles of the above-mentioned 
machine tool through the arm for exchange irt stalled in the carnage which moves between the above-mentioned 
lool magazine and the machine tool is known. This is 
unexamined in the JP, 04-66663. 

[0004] fProolein(s) to be Solved by the Invcnlionj However, in the prior art, the tool magazine is installed 
outside of movement range of the maciunc tool . Moreover, the sum for exchange installed in me carriage 
exchanges tools between the machine loo! and the tool magazine by being rotated, moved back and forth and 
gyrated according to the carriage 1 & nerving between the above-mentioned machine lool and the tool magazine, 
'nierelbre, tl takes considerable time tor tool exchange work. Especially ihc problem, that Ihc cJlleiency of the 
lool exeltange work is not easily accomplished, is indicated when the exchange work is pcxibrmed ixeqeentry, 

[(KM)f5J This rnvemton is for solving ibis kind of problem, and it aims to supply a lool exolmn^er for stock of the 
machine tool which realizes to exchange the desired >oo!s for the spindle of tltc machine tool rapidly and easily, 
and also realizes to exchange two or more tools cfftcicniiy. 

lOOOGlJMeans for Solving me Problem] fn order to attain the abovc^cirrioned purposes, this invention is 
characterized in being placed on the mobile labtc on which it has two or more tools and composes a machine 
tool and providing a tool magazine, a tool stockcr and a tool delivery mechanism A tool magazine performs 
automatic exchange work of tools by ihc tool exchange mechanism between spindles of the above-mentioned 
machine tool A tool stocker is installed outside ilie movement range of Die above-mentioned machine tool and 
can store two or more tolls there. A tool delivery mechanic holds and delivers appointed tools between the 
abovc-mcmioned magazine and the above-mention cd stocVer wiih clump'ng posture. 

[0007] rFunetionirn the tool exchanger foT stock of Die machine tool coiiceriting this above-mentioned invention, 
a series of tools which are required for the appointed ptoecssmfj axe stored in the tool ma^nyinft which is placed 
on the mobile table that composes the maehmc tool, and the tool exchange work is rapidly accomplished by the 
tool exchange mechanism between litis lool rnaga<rine ami the spindle. Moreover, two ox more tools which are 
stored in the tool stocker are Installed in the spindle under an operation of the tool exchange mechanism after 
they are once delivered to the tool magazine by the lool delivery mechamsra when many kinds of di ITcrcni 
processing are performed Therefore, the desired tools for the spindle of machine tool can be installed rapidly 
and easily, and it makes possible to make the tool exchange work more efficiently when a processing work with 
many kinds and many processes more than the nuntber of loels can be stored in the tool magazine is required 

[0008] [Example! It explains in detail about the lool exchanger for stock concerning this invention as follows. 
An example is given in relation to the machine tool incoipoiaring thk and referring to the attached figure. 

10009] Reference mark It) in die figure I to 3 shows the machine tool incorporating lite tool exchanger Tot stock 
related to this example. Tins maehmc lool 10 provides the mobile table 14; the main body 16; and #1 *<3oing up 

1/6 
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and down table" 20: 42 "Going up and down lablc" 24; and #1 and #2 "spindle unit" 26 and 2R. Tins mobile rabtc 
14 can be moved back nnd ibrth to the direction of arrow X on the board 12 fteely. The main body 16 of the 
madiine tool which is supported on die mobile (able 14 caa be moved back and Birth to die direction of arrow z 
freely. The #1 "Going up and down tabic" 20 is installed in the front Side of the main body 1 6 mid can be moved 
up and down by #1 "servo-motor** 18. The #2 "Going up and down table" 24 is installed in ihc ffl "Going up and 
down tabl«T 20 and can be moved up and down by Wl u servo-nioXor", And the # 1 and tike Wl spindle units 26 and 
28 arc attached to the abovc-mentiooed $1 and #i '*Going np and down lablc" and vertically ammged 

[OH U)\ Tbe guide-rail 30a to 30c and the first drive-motor 43 arc attached on the board 1 2. The ball screw 34 
which is connected to the drive-motor 32 and extended to the direction of arrow X is connected wiiti the not 
material 36 placed in the mobile table 14. (Refer to the FIG. 3) Hie guide-rail 38 and 38 the second drive-motor 
are attached to this mobile table 14. And the ball screw 42 which is connected to this second drive-motor 40 and 
extended to the direction of atrow X is connected wi.th the main body 1 6. (Refer to the FIG, 2) 

[0011 J The ball screw 44 which extends toward Uic direction of vertical down connects to Ihc Iratgoiiigupand 
down tabic 20. The ball screw 46 which exlends toward the direction or vertical down from the second servo- 
motor 22 also connects io (he second going tip and down table 24. The fins! and second .spindle units 26 and 28 
provide the spindles 4& and SO, and these spindles 4H and 50 are connected with the same motor or a different 
motor respectively. 

[0012] The tool exchanger 60 for stock concerning this operation is installed hi ihc machine tool 10 which ij> 
composed like this. As shown in ihe FTG. I mis tool exchanger 60 for stock is placed on the mobile lable 14 with 
two or more tools and provides die tool magazine 64, flic lool stocker 66 and the delivery mechanism 68. 
"Hie tool magaxinc 64 performs automatic exchange work of tool T between ihc spindles 4$ and 50 for rnaclime 
tool 10 through ihe tool exchange mechanism 62. The tool stocker 66 is instaJ led outside of the movement range 
of the above-mentioned machine tool 10 and can store two or more tools freely, Tiic tool delivery ntcchnmsm 68 
holds the appointed above-mentioned tool T ? changes posture and delivers the appointed above-rncrnioncd tool T 
between above-mentioned tool magazine 64 and the above-mentioned toot stocker 66, 

[0013] As shown in the F1G.3 antf the JHO.4, the iool exchange mechanism 62 provides the drive vtdx 70, the 
gear case 72 rapported by the drive unit 70, the casing material 74 supported by the gear case 72, and tool 
holding means 76 installed in ilic casing material 74. The drive unit 70 is installed on the side of mam body 16. 
The gear case 72 supported by this drive unit 70 can be moved bacfc and form freely to the direction of an axis of 
the first and second spindle units 2ft, 28 (chrecrioD of arrow Z). The casing material 74 supported by the gear 
case 72 to be gyrated. The tool hiding means 76 arc installed on the both sides or radial direction (djr cciion of 
arrow X), and can hold the first and second spindle units and two or more tools wtuch are stored in trie tool 
magazine 64. 

[0014J The drive unit 70 provides the motor 7K, and tins motor 78 rotates the ahove-mentioncd casing material 
74. Jialso makes me gear case 72 and the casing material 74 moving back and forth. Moreover, this drive unit 70 
provides a mnction to open and close the two chuck materials 80a, 80b. K2a, and $2b, which arc (ittacued to 
upper and lower sides and composes the tool holding means. 

f0015] The tool irtagazine is polygon shaped (hexagon shaped), and is supported io the side of the mobile table 
14 through the attachment material 84. It can be rotated frcery through the motor X6 which is fixed to this 
altaduncm material 84. and every iwo or more sets of tool T are held outside of tins attachment material £4 
through the lool pot S8. These sets of tool T can be removed freely. 

[001 A] As Shown in the FIG. 1, the tool stocker 66 provides a pair of support 90 ynd 90, which is set to (he back 
exterior (outside the movement range of the mobile table 14) of the board 1 2, And the frame 92 is fixed to the 
upper pan of this support 90 and 90. The drive-motor .94 is installed in this frame 91, and the conveyor chain 
which has endless-smic nms cdrcnlatory. Two or more tool pot 9* arc attached to the conveyor chain 96 with 
predclcniuiied interval, and many kinds of lool T arc held in each tool pot 93 corresponding to (he marry 
processes. 

[001 7J As shown in the f*/G.S, the tool delivery mechanism 68 provides ihc support 100 to be placed between 
ihc lool magazine 64 and the lool stocker 6o on (he board 102. The rotation main body J 02 is supported by this 
Support LOO. The drive cylinder 104 is attached to the support 100. The rack bar 106 is hori/onlally extended 
from dns drive cylinder 104. This rack bar and Die pmion IDS arc fixed on the rotation main body 102 which 
engages with each other. 
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[0O18J As shewn in the FIG6, the penetration holes: 1 Hh* and 1 1 Ob are prepared in parallel and external rods 
1 1 2a and 1 12b arc related and inserted tnio these peneuaLicm holes 1 10a and 1 1 Ob wifh dififereni direction. Two 
or more crroundbrcniiai gutters 114a and 1 14b are formed one by one with the appointed length on ihc ouict side 
of 1hc external rods 11 2a and 1 12b. ITicsc drcumferemjaJ gutters 1 14a and 1 1 4b arc engaged with ihc 
syndrraruzed gear 11 6 as one. 

[001 9] nutates ttaaand 118b are formed wirfr the length rrorn the one edge of the external rods I12aand 
1 12f> to the uppoimod length. The sptmc gutters 120a and 1 20b are prepared at. wc one edge. 
The chuck parts 122a and 122b, which can be opened and closed freely arc installed on the other cxliae of the 
external rods U2a and 112b. 

10020J The spline axis 1 24a and 124b are inserted into die hoics H8a and 1 18b of the external rods 11 2a and 
1 12b. Tltcsc spline axis 1 24a iml 124b arc engaged with ihc spline gutters 120a and 1 20b. The chuck parts 1 26a 
and 126b arc installed at ihc edge which stands oui lo the outside 10 be opened and closed freely. 

[00211 ,fl> c shift mechairism 1 28 is installed hi lite rotation main body 102 for the ptrrpose to make the external 
rod 1 12a and \ 12b, and the spline axis 124a and 1 24b to move back and forth in the direction which separate 
them away from each other. Tins shift mechanism 128 provides the shift cylinder 1 30 to be fixed on the rotation 
luaiu body 102, and the edge of tie cojincciing plate 134 is enrmcoted with the rod 132 which is extended from 
this shift cylinder 1 30. Tliis? connecting plaic 1 34 supports the edge of the external rod 1 12a and the edge of the 
spline axis 124b with free rotation through the bearing 136a and 1 36b. 

10022] The chuck part swinging mechanism 1 38 is installed at the ccfec of the spline axis 1 24a and the edge of 
Ihc external rod 1 12b to swing the chuck parts 1 22a, £22b and chuck parts 126a, 126b as one. This chuck part 
swinging incchardsm provides the gear case 142 to support the edge of spline axis 1 24a and the edge of the 
cxlemal rod 1 12b ihrou^i ihc bearings 140a and 1 40b with free rotation. The drive-motor 144 is fixed to thfc 
gear case 142, and the drivc-gcur 14S is fixed to the rotation axis 146 of this drive-motor 144. This drive-gear 
1 48 is engaged with the slave-gear 152, 154 ih rough the gear train 150. These slavc-jscars 152 and 1 54 are fixed 
to the edges ofspHne axis 1 24a and the external rod 1 12b, and rotated to the different drrectioBS respectively. 

10023] As shown in the K1G.2, the main body 1 6a, which can be rnoved freely is placed on the board 12 
indivifliiidly through the mobile table !4a besides llic above-mentioned mam body 1&. "a* is ejven to tlic same 
component as this mam body 16 with die same reference number, and the detail description is omitted, 'itic same 
tool exchanger for stock ns the tool exchanger 60 for slock mentioned above (Not sliowu) is installed in live 
above-mentioned main body 16a side. The detail description is omitted 

{0024J The work-aitach table (Not shown) is placed ahead of the main body 16 and 16a to position die work W 
(Refer to the HG3) and to mainiam if. 

10025] Next, ii. explains the operation of the tool exchanger 60 for stock which is composed as shown in the 
FI G.3 in connection with the machine tool 10. 

[0026 1 First of alt the work W is positioned on the work-attach tabJC with the appointed processing posture and 
maintained. On the other hand, the appointed tool T and T are installed in the first and second spindle units 26 
and 28 which arc installed in the main body 16 in advance. Then, the tool T and T installed in the first and 
second spindle units 26 and 2S arc rotauonally driven as one. and each Ueign location is adjusted corresponding 
to ihc processing part of work W under an operation of the first servo-motor 18 and ihe second servo-motor 22. 

100271 Then, the first and second spindle units 26 and 2S are positioned in the direction of arrow X to the work 
W when the first drive-moior is driven. Moreover* they are moved toward each processing pan of the above- 
mentioned work W ('direction of arrow Z forward) when the second drive-motor is driven. 

J002S1 Hiercforc, the rotating tool T and T wlricli tire mstaJJed m 1 and #2 spindle unit 26 and 23* accomplish 
the processing work amomaticalry to the predetermined processing part of the work W by performing each 
Operation which is mentioned above alternatively. #2 drive-motor 40 is driven to ihc opposite direction agains t 
ihc above-menlioTied after proccsshuj work is connected, and the main body 16 detaches the tools T and T from 
the work-attach table by moving in the direction to detach from die work W. And ihc work W after processing is 
detached from the woik-aaach table, then a new work W before processing is attached to the work-attach table. 
The process) ng work for this new work W is accomplished by performing processing work which is mentioned 
above. 
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[002^1 Next when a processing work Tot the dififensni kinds of work W is pcrfonnecL the tool magazine 64 is 
rotated only the appointed angle under an operation of the motor $6 aud H is stopped at ihc position thai lite 
desired tools T and T held at the outside part are placed toward hori/omnHy, On the other land, the first arid 
second servo-motors 1 S and 22 arc driven* tbe first and second going up and down tables 20 and 24 are changed 
their positions vertically. The tools T and T which arc installed in the first and second spindle units 26 and 28 are 
positioned corresponding to the height of tbe tool toldi^ means 76 of casing material 74. 

[04)3«J Then the m oior 7R which composes the drive unit 7X is driven and the desired tools T and T maintained 
in the tool magazine 64 are held by the chuck maierials *(>a and 80b. On the other hand, the tods T and T 
installed m the spindles 50 and 4% are held by the chuck materials S2a and 82b. If tbe motor 78 rotates more the 
casing material 74 is gyrated 180 degrees after the gear case 72 and the casing nialerial 74 are moved forward. 

T0031] Next, the tool T and T held in the Chock materials «0a and 80b arc installed in tbe spindles 48 and 50 
when 1l\c gear case 72 and the casing material 74 are rctrcmcd. The took Y and T held at the chuck inalerials H2a 
and 82b are also mainlined in the tool pol 88 of the tool magazine 64. Then the chuck materials 80a, 80b and 
82a, K2b are detached from tools T and T respecrivefy, and moved toward inside of the casing material 74 then 
tool exchange work is completed. 

f 0032J By the way, it often happens that the number of tools T maintained in the tool magazine 64 is .not much 
enough v/nen processing tor a work W which requires many processes using more than two tools T. For ihis 
reason, iil lln's example, ihc lool stocker 66 which can store m gre than two lools T freely is placed toward outside 
of the board 12 and the work to exchange the appointed tools T between tiic tool magazine 64 and the above- 
mentioned lool stocker 66 is performed automatical^ ilirough the tool delivery mechanism 6X. 

l<)0331 That is, ibe mobile table 14 is moved to the side of the board 12, and ihc tool magazine 64 is placed 
corresponding to the tool delivery mechanism 68. If the shift cylinder 130 which composes the Shift nuchftirism 
128 w driven and lire iod 132 is extended toward outside bore, the external rod 1 1 2a and spline axis 124b arc 
moved toward outside (direction of arrow A, in the FIC.8J as one through die connecting plate 134 connected 
with this rod 132. Toe chuck parts 122a and 126b are positioned to the appointed tools T and T inaintained in the 
tool pots 98 and 98 of the tool stocker 66. 

[0034J in that case, if the externa) rod 112ais moved in the direction of arrow A, tlw synchronbed gear 116 
which is engaged with the ciraimfci^ntral gutter 1 14a formed on the outer side of the external rod 112a is rotated 
in Ihc direction of arrow B in THE FIG.S. Moreover, the cxicnuil rod 112b is moved to the opposite side against 
the direction or arrow A (direction of arrow Q through the cireunrfcrentiaJ gutter 1 14b which is engaged wiili 
this Synchroui?xxi gear 1 16. The spline axis 124a is connected with this external rod il2b Ihrough the gear case 
142, the above-mentioned spline axis 124a is moved in the direction of arrow C. Hereby, ihc chuck parts 1 22b 
and 126a are positioned to the appointed look T and T jnainlained at the toot pots 88 and 8H of the tool ttiagaziue 



100351 Nexu tlje drrve-motOT 144 which consists of the chuck part swinging mechanism 1 38 is driven, and the 
rotating axis 1 46 yiiri the drive gear 1 48 arc rotated in one. The slave-gear 1 52 and 154 which is engaged with 
fbis drive gear T4H through (lie gear train !5<) is rotated with the spline axis T24a and ihc external rod 1 1 2b in 
one. The external rod 1 12a and the &phne axis 1 24b are also rota led with this spline axis 1 24a and the external 
rod 1 1 2b through Hie spline gut ter 120a and 1 2<Jb in one. l'or this reason, the chuck part 122a, 1 22b and the 
chuck part 126a, 1 26b are swung in one, the predctcrrnined tool T and T which are inaintaincd m the tool pol 98 
and 98 of the tool Sleeker 66 and the piedetermhied tool T and T which are maintained in \}k tool pots 88 and 88 
of Hie tool magazine are held. (Refer to the FIG. 7) 

100361 Moreover, if the shift, cylinder 130 is driven and die rod 132 is moved mthe drrcctioii of arrow C, the 
external rods 1 1 2a, 1 12b and (he spline axis r 24a, 124b arc moved to the direction io which both are adjacent 
(mside direction). Then the lools T and T which are held in the chuck parts 122a. 126b and the chuck parts 122b, 
1 26a are picked out from the tool stocker 66 and the toot magazine 64. 

100371 Then, if the rack bar 106 is moved under an operation of the drive cylinder 104, the rotation main body is 
rotated just 1 8<) dem-ees through the pinion 1 08 which is engaged with this rack bar 1 06. After mat, the shift 
cylinder i 30 is driven and the tools T which are held in the chuck pans 1 22a and 126b are inaintaincd in the tool 
POT 88 of the tool magavitic 64. The tools T which are held in the chuck parts 126a and 1 22b are also maintained 
in the tool pol 98 of the tool stocker 66. Moreover, the drive-motor 1 44 are rotated to tbe opposite direction 
against the above-nienu'oncd direcrioji, ihc chnck pans 1 22a ; 122b, 1 26a and 126b ore separated from the tools T 
away. And these chnck parts, 122a, 1 22b, 126a and 1 26b are moved back under an operation of the shift cylinder 
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1<)(>38J As described, the minimum number ct lool T which are required for processing work of the 
prod acn timed wotk W are xnainiairicd in the tool magazine 64. And rapid exchange work for the desired tool T 
can be accomplished between this lool magazine 64 and the spindle 43, 50, The cool cxduwge work for too! T is 
accomplished automatically between the lool slocker 60 and the tool magazine 64 in which inwc than two tool T 
arc stored tlirough the tool delivery mechanism GX, when the processing for the work W winch requires many 
processes nsing more than two tool T -is performed. For this reason, many tool T are supplied to the tool 
magazine 64 sequentially. And this can rcnli/c to send many kinds of tool T to the spindle 43 and 50 through the 
tool exchange mechanism 62 rapidly. Hereby, ii on be acquire an effect thai an efficient tool exchange work is 
accompJ isiicd easily and auionialicaliy when (he processing: work for the work W which especially requires 
many processes using many kinds of tool T is per formed 

F0O391 |Wca of the mvemlonlArxorniitg to U*c tool exekatger for stock of the machine tool concerning this 
invention, d\c following effects can be acquired. 

[0040] A tool exchange work is performed auioinaiically between the tool magazine prepared on the mobile 
table which composes a machine tool and the toot siocker in which more than two tools arc maintained placed 
outside of movement range of the above-memioncd machine tool through the tool delivery ntcchaiusm. 
Therefore, the desrred tools can be rapidly and easily installed in the spindle of this machine tool by maintaining 
the desired tools in the tool magazine sequentially, especially when many kinds of work and many processes are 
rcCjirircd for a processing work. This makes possible to exchange desired tools efficiently and autOTrorucnlry for 
lhc spindles, even when more tools than the number of tools which can be stored in. a tool roaga^ne are used. 

(Brief Description of the Drawings] 

[FIG. Hit is a side-view explanatory drawing of rJic lool exchanger for stock concerning this invention. 
lF!G.2]It is a front- view explanatory drawing of lhc machine tool incorporating above-mentioned tool 
exchanger. 

|FIG.3Ut is an important section top-view explanatory drawing of above-mentioned machine tool. 
. IFXG.41H is a top-view drawing of the tool magazine, the tool stacker, the tool delivery mechanism and the tool 
exchange mechanism which compose the above-mentioned tooi exchanger. 

LFJG.SlIt is a side-view drawing of the tool delivery mechanism which composes lhc above-mentioned tool 
exchanger, 

[HG.6JH is an important section drawing of longitudinal section of the nbove-mentinjied tool delivery 
mechanism. 

lFiG,7fIt is a front-view explanatory drawing of the above-mentioned tooi delivery mechanism 

fFXG-8]Tt is a drawing of longitudinal section of the above-mentioned tool a^livery mechanism to explain its 

operation. 

(Description of Notations] 

10- Machine Too! 

12 12a Board 

14 Ma - Mobile TabJe 

16 16a -Main Body 

1» 22 ~ Servo-motor 

26 t 26a, 2ft, 2«a - Spindle Unit 

48, 48a, 5<>, 50a - Spindle 

GO 60a - Tool Exchanger 

$2 — Tool Exchange Mechanism 

64 - Too) Magazine 

66 - Tool Stodcer 

68 ~ Tool Delivery Mxham'sm 

70 - Drive Unit 

72 -Gear Case 

74 - Casing Material 

76 - Tool Holding Means 

96 - Conveyor Chain 

98 « TooT Tot 

102 - Rotation Main Body 

104 — Drive Cylinder 

112a, I12b~ External Rod 

1 1 6 — Synchronized Gear 

122a, 122b - Chuck Part 

124a, 124b - Spline Axis 
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126a, I26b» Chock Part 

128 -- Shia Mechanism 

130 -Shia Cylinder 

138 — Chuck Pnn Swinging Mechanism 

144-Drivc-inoior 



6/o 
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VEREIN 
DEUTSCHER 
INGENIEURE 



Nr. 7570 S- 9 



kenngrdflen numerisch g&steuerter Fertigurig$efnrfchturiflBn 

. 9 . Span-2U-Span-Zeit^v 

bfj : atitomatischern Werkzeugwechsel 



VDJ 2852 
#latt 1. 



CuMo-oit time, * \ • 
automatic tool change 



IT) 



Wwii a*, 

t Ztel der Richtiinte l' 2 

2 Oeffnfllon per Span-zu-Span-Zeit . 2 

3 Handb^dln^ungeti zi/f- ErmtttUing der 2 

3rl Begrin^Bb^tmunungeii . , . . . . . . . „ ., . . 2 

3.2 fceprasexitativc flfcwbeitxmgsposition 4 „ 2 

3.3 Wcrtzeugwech&elpt^iion 3. 

3.4 ^mgnfTszeit (IiauptfliiO 3 

3.5 Werk2£ug-Dreiizahl ; ! . . 3 

3.'6 Spajl-:m7Span-7.riten 3 

4 WcB- und Auswertegchema 4 

4.1 Vdrbercitcu; Werte «.'... 4 

4.2 Mcssuhgen . . ! 4 

5 Ergebnis 4 



VDl-GeseHachaft froOukitonstecnnlk (ADB) 
Fachbereich Prodi/kt«jn3anlS9en , 
Auo?chu8 Elnagts flumerlsch gesteuerter Warkzsunmaschlnan 



VDkHancttm&h Betritbstectafc 



I 



I 



o 
I 

I 



Prolagr. 4 
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DRAUDT US PAT AGENT 

i Kohl 



: 1 zieif jder ftfchtffnie 

, zeitverhaltecs von NOAnlagea eindeiitigzu definieren, 
um vcrgieicheude Betrachrangcn ahnlicher Anlagen zu 
efmtfgiichen 

• In dieser RichtKnienrcihe wexden im Blatt 1 die 
„Span-zu-Span-Zeit" 

bei airtomatischem Werkzeugwechsel 

und im Blatt 2 die 

^lettenv^tjclifidt-Zdr und ^Werkstiickfolge-^eit^ 
bei automatischetn Werk5tuek-Pakttccwcchsei 
beBchrieben. Weitec Blatter werdea ggf. folgen. Auto- 
matkebe Werlareugwcohsd-FJnrichtniigen and viei- 
£a.ch Bestandteile von NC-Maschin^n. 



2 Definition der Span~zu-Span-Zelt ($82) 
Die fi^n-zu-Span-Zdt wird defimert ala 2cit wischen 
dem Bcgmrt des Wegfuh«a>$ ernes aueznweqhselnden 
Wericzeuges aus ' einer xcpraseriiativen Be&fbd- 
tungsposition nod dem Ec.de des Horanfuhfens eincs 
folgenden, gleich langen Werkzcngcs in die gleiohc 
£eurfceitmigflpa<ation. 

Die Span-au-Span-Zeit ist zur Beurtealung van autorna- 
tiscfacn Wcrkzeiigwechselvorgiingen beaeer geeignct aJs 
die reine Wctlcwugwechselzcit, da die ££Z aHe notwen- 
digen Schritte aur Aus&hrung dues Werkzeugwechsels 
im Ro&soen cuaes automatiaierten Arbdtsablaufe be- 
nicXachtigtv . 

. Die SSZ beinlialtet 

Wegfanrea von der reprasentativen Beaxbeitungs- 
position zur WerkzengwechselposUion 
Werkzengwechselvorgang 

Hcaranfahren zur reprasentativen Bearbehungsposi- 
tion von der Werkzcugwechselposition. 

Die Span-zu-Span-Zeiteu f,, r 2 , f 3 stellen statisiische 
Kenagrd£cxj sr,ur Beurteilung von autouiatiachcn Werk- 
zeugwediselvorgangen dar. 



3 Randbadlnaungen zgr Ermfttfung dsr SSZ 

3.1 fiegrfffabestimmungen 

Sicherheitabstaad zwischen P B und der-Efee — 
ne, in der der Werkzeugwechsel statlfindet 
n maximalc Drehzahl bei roticrejiden Weric- 
zeugen 

P h ReprgseutatiYe Bearbdtung^sition 
P % . representative Werkzcugwcchselpositiou 
(nur bei Stanz- und Nibbchnaschineri) 



S. 

, ft . N r -7570 3. 1 0 

v. f .• **■.*•;. i *Y ';.;",vv? . 



25/27 



$SZ Spa»7Zu^paiiHz|it \ '.. ' 

'4' ' BiAgri^aeit (Haiptz^t) * - ' ' * " • ' ■ 

"W'X " ^erkaup^ge *{Bwa ioiier^'d^ WctfiSjen- 
gen von Kegelberugsebpcte bk .Werk^cu^- 
Bpitze) . .... ^ ' 

WLf repraaentadve WerkzengliLnge * 

JT A owxkaaJsr Arbeitsweg in X-Bipbtuag 

A" PB Lagp von P B in X-Richtung 

5^ raaximajbr Arbeitsweg in Y-Richtung ' ; 

Y fB Lage von ? p in Y-Rlchtung 
Lagc von P w in Y-Richtung 

2 A tnaximaler Arbeitsweg in Z-Rtchtung • 

Z PB Lage von P B in Z-Ricbtung t 



3.2 Repr&s&ntativo B«arbeming£poAqioti 

A Is rcprasetitative fiearbeitun^position wird em 
Punkt hn Arbeitsraum entsprechend den n&cbstehed- 
dea Skizzcn for die onzetfien' Sfescfiirienarten festge- \ 

legt - V:.- ,• ..: ! ■ 

iil Bepr^Wtaii^ BearfettungaposWon p 9 ) 

,.,.<; 

Aiie tfoatibnen (£5) beziehen aich awf Werk/^u^ianBe 

wi=% : • ; 

3.2.1,1 ^utterVI^gsd^^ascbine 
.(Drchliuige'bis 3000 mm) 



3.2.1.2 J^ngsdrehDOa^dbirifi 

(Drehlange fiber 3000 mm) 



(+ bei Onehen . 
vor Drehirutte) 
(- bei Dreten " 
h int& Prehmitto) 
0^5 "Z, 



3.2.1.$ Vertikal-Drehm adenine 

4\t 



3-2.2 ReprSsanlatlve BearbellungapoaEUati P B 
bei Bohr-Frasma^chlnen 

,.Alle Position en bezichen sich auf die Werkzeugspit- 

ze. 

)E>ie repfjUeotativs Wcrk^ugliinge WL t bctr3gt in 
Abhangigkeit -von der Werkzeogaumahme: 



o 
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WL m 160 ± 1 ram bei Steifkegei Mj?: 3t> • ■ 

WL = 190 ± J- jran, W Stcirkegel Nr. 40 
VVL = 220 i 1 mm bei Sfcilkcgel Nr. .45 
Ma = 260' ±- i aita boi StcHk^ Nr« 50 
WL= J()0 iliranb^^ikc^elNr. 60 * 
SpcialjAycr^ ' (SdntfCfradapter/ 2y- 

fmdcraiifnjilonis) smd'anaiog 2U deA Slfcal^el^rflBerr 
dn^oistufen. ' " 5 '' - 1 " " 

Die Werk2»iig-kbrrAtUrspeichcr rfnd "auf dbri Wert 

jmot 7,u 5t*uiiL ■■• • 

3J2.2.1 Vertifcal-Hohr- Frarajaschme , ' 

Foila^Borur-Frtaiaschmt: 



VD1- 2852 Blattr 



-3 - 



3 P* 



m 



X PB = (tischmittoj 
Y n " (Tbchmitta) 
Z PB - ft2W A 

(ab Tisehobarflache) 



3.2-2,2 IlbriiwjnUii-Bohi'-JVasTnitschine. 



♦ 



PB 







L 


•; 



= (Tbchmilte) 

das MasRftinemischcs 
kaw % des pinttBrtfaWes 
in Richtung 
Trficlimlne) 



Bci rechteckigen Tischon hi b die ktirzere Abmessvng. 

3^.3 FteprS&entatJve Ba^rbeHungsposHkjn P G bei 
Stanz- untf Nibbelmaschfnen 

^jfe^Die Mittelachfie des BearbertiingBwerkzfcugs befindei 
ocb in dcr repntontativeji Bwbeitungsposiiion F 8 ; 



T 



026 y A 

/ink des Wark- 
zeugs) 



3.3 Werteeugwecftd&Iposftten 

Das Werfczcug -wird jn der konatrukriv festgcfcgten 
Werkaeiigwechs^positicn gewechsert 

1st diese im Bearbdmng^um bdicbig Wahlbar, sr> ist 
urn den kurzestnioglicben WegzurQckzufahren, um 
kollisionsfrei wechseln zu konnen. i:He SfcherheUyab- 
staude sind hierbei einfcttnalteji: 

B« Drehmasctinen muB ein Mindest-Sichefbeits- 
abstand A t = 5 mm zur reprlisentutiven B ear bed - 
tungspoaitioo eingebaJteu wcrden. 



Bea Boljr>Ftfism£«d^ 

aScbst in Ricritung Z (und ggf. gieichzcirig m X, Y 
Oder W) vom Wcrk stuck weggcfahreiL Die Mirldtest- 
lange. des Verfahrwegs richtet sfeb soweil erfor- 
. .derlicb - nach dem Weg fur das HerauarieJttri des 
WerJctcugs aua dcr AtbeitsapindcL 

Der M<ndest-Sicherhcits«.bstaad zur repr3$crj- 
tativen Bcarbeitimgspojaripn von 50 mm darf 
beira Wcr k«ii£yvccliai< Ivolrgiing nio^t uAteirschf iltbn 
werdeja. 

Bei Stan2- uxid NibbelrnaicWrjeai muR - sofem nicbt 
in der repr^^t-nudveii Bcarbeitnng5jpo«tiqii ge~ 
wcori^clt werdcat Kami - die rep^sefitaWe 'Werk- 
^ugwechselpositi^r P;. asf Viw.iwwftff.^t g^egt 
werdcii. 

3.4 ElngrJffszett (Hauptcelt) 

L>)& zwifichen den W«i]£ze\igwcehseln liegende Wwfr* 
acug-Eingriffszeit ^ muB zehn Sckunden betragen. 
Wahrctid.dieser Zcil mtiiscri rofcierendti Werkzeuge unit 
festgolfiglcr Drehzahl drehcri. 

Werk^augdrehzah) 

Rotierende Werkzeuge juuusscn zn Begintiand'Eadedcs 
Werfe^i^yvechscjis nait eise* Drohzafal.von' 1 • 

« = 1800 miir 1 • 
drelien. • * 

3.6 Span-zu-Span-Zerter> , 

Um die Spiu^zu-Sptm-Zeiteu zu crmittelii, suid die dre«. 
Zeitcii t t , t 2i t 5 za wicssen. 

li Span-zn-5?parj-7;eit fur das im WerkJicugma- 
ga^in auf dein zdm ersten auwuwechaelndcri 
Werkzeug am eciXerotesteii Platz steJiend^ 
Werlacui; (Punkt 1) 

*j Spajj-zu-Span-Zeit fiir das auf dem rcchten 
Nichbarplatz yaim ersten ausztrwechseln^len 
. Wcrkzeug stehendc Werkzeiig (Pimkt ,2) 

x 3 Span-zo-Spttn-Zcit fur diis auf dcrn lioken 
Nachbarpfatx ziim erstcii auszuwech5tclnden 
Werkzdug sichende Werfewug (^uzjjct 3) 




Bcispiel: 

'leUcnjutgaztn - tatyo- 
Analog ist bd Ketteu- 
magaxin und Revolver- 
fcGpfcn zu Verfahren (ml 



Dze Mcssungen fur t x , t 2 . r 3 sind gemSB Absehnitt 4.2 
durchzurahr«L 
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VOTZ852.Blittt 1 



A Meft* und AuBwerteschema. 



Maschine 



Typ ..™.™„„ 



Werkzeug-Atilhahme (-Kejjel), 



: 4f Vprt>erejtete ( Werte . , tX . 

Maschifien-Arbeitsraura Representative' 
(maxim ale Vexfahrwege) — > Be^beJtangsposition. P B 

-2C^. ,sst ...i^..t ii mm • XhB =^,,.„.. J .^ — Ulill . 

= pin ^j'B = wiw,.^-,^-, fnra 

Werkzeugllmge = ' — , — L_ mm 

Die Weikz^g-Koti^kturapcichbr ^lissen- anf ijtiaW- 
stehen, da. sonst die Zcitmessung durph gen Korrek- 
tuxspeicherwert bceinfluSl wird. 

4.1.2 werKzeugweciBQlposttiQh ' 

a) Hcgt fetfnstrufctiv fest 
oder 

b) . i^Tpw . s = . — v— mm 

^Spw to unwiMiiNUHHf*** rcym 

'£jpit' mm 

SicherheifsaBstand A t = 



mm 



4;t3 EJngrlftezelt (Hauplzelt) wtechen den 
Werkzetigwechseln 

* h = 10 s 

4.1.4 Drehiahf des rotlefenden Werkzeugs 

n = 1800min~ J 



N r - 7570 

A*e Recta umtttnaiten ® VW-V.aftefl Ojj&H, DeeduldPif.,1884 



4J5 Mes&una&n , ,/ ; -. . 

Das W&fczeug ist -angewechse?L imd siebr m der 
repr itaenta-tivai* BeSMfedtiiagspdsitioa. : *" 

Bei rotiorendem Wfcrfo^ug igt y^Pjoj^nj^nm oder von 
Hand die festsciegfe pV eHzahl do^^hajt^. 

Das Werkzeug. wIpt.aelin^SfA^ ube* jpro- 

grammierte $e^reil2eit .ode/, tiber i^en sehf .^ldiLKi 
Vork£ab"m de*')^ gehafteii." / 

Anschlltflend erfblgt dir. VVerl^u^cdiad., . . , 

Hierbei wird zur BrmUilung dcr Zdten i ly fa, * a jew$ik 
dreunal hintereiiiaQder dn Wcrkzeugwcchtelvorgflng 
mit dazwLschen liegender EmgriXTszeft tv=J>0 secaus- 
gefUbxt ;■ . 

Die Cesamtzeit ist am dje drei Bingnffszeilai von 
insgesamt 30 sec zn reduztcron und durch drei (Anzahl 
der Messungen) ^.divitiieren. 

z-B. .. . . 



3 



in a 



5 Ergebnis 
Span-zv-Span^Zott 









ta - ... - 


-}'. — M 




t 3 = , — 


[8] 



0 



Bei f j ist die Anzahl dor Magazinplatze, die im direkten 
Zugriff des Wechsdsystcms liegen, als Index anzugebeu 
(gemaB Angaben unter Abschnitt 4) z.B. 

h (24) - bci Maga2inkaj?azitat von 24..Werk?eugen 
Em.Bezu&axif Ricfatlmie VDJ2S52BI- i tstmif zulassig," 
wean alls drei Zeaten (rj, t 2i r 3 ) angegeben tverden- Die 
Eiazttiangabc ist aacb dann etforderlich, wenn t x = r 4 



= f« ist. 



o 
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